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1.  Introduction
This study looks at how Japanese learners of English perceive English funda-
mental frequency (henceforth F0) contours in relation to lexical stress. Primar-
ily it focuses on Japanese listeners’ perception of English lexical stress signaled 
by F0 rise, the acoustic feature that signals stress in English but does not cue 
pitch accent in Japanese.
1.1  Lexical stress and pitch accent in English
Languages employ different ways of making the accented syllable of a word 
more prominent than the surrounding syllables.  For instance, the stressed syl-
lable of a word in English shows not only higher F0 but also greater duration 
and intensity as well as more ‘peripheral’ vowel quality1.  Which acoustic param-
eter is the most reliable cue depends on factors such as the prosodic structure 
in which the stressed syllable occurs (Roettger & Gordon 2017). 
In the perception of stress as well, there has been no consensus about the 
relative weighting of the acoustic parameters.  While Beckman (1986) and Fry 
(1955, 1958) argue that F0 and duration are the more robust perceptual cues 
than intensity and vowel quality, Charabaszcz et al. (2014) claim that vowel qual-
ity is as primary a cue as F0.  Also, Kochansky et al. (2005), having studied a 
corpus of natural speech, contend that intensity and duration play a major role 
in signaling English lexical stress. 
One of the characteristics of English lexical stress lies in its relation to pitch 
accent.  In English, it is always the case that a pitch accent falls on a stressed 
syllable.  Consider the sentence in (1a), for example.  
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(1) a. I saw a person with glasses. 
  b. Did you see a person with glasses?
A natural rendition of the sentence will give the intonational nucleus on the 
stressed syllable of the last content word, i.e., the first syllable of glasses, with a 
falling tone.  The second syllable of the same word cannot bear the pitch accent 
because of its lack of lexical stress.  The nuclear syllable with the lexical-level 
stress and the phrasal-level pitch accent in (1a) is higher in F0, longer in dura-
tion and greater in intensity than the surrounding syllables.  The same principle 
can be applied when the nuclear syllable is associated with a rising tone rather 
than a falling one.  Just like (1a), the nuclear syllable of the sentence in (1b) is 
the first syllable of glasses.  However, the type of the pitch accent is not a fall but 
a rise.  In this case, there can be seen no F0 peak but an F0 valley (the onset of 
an F0 rising) on the nuclear syllable. 
The relation between lexical stress and pitch accent in English just de-
scribed above plays an essential role in the perception of lexical stress.  As have 
already been discussed, F0 is one of the major acoustic cues for signaling lexical 
stress in English, and English native listeners rely on high F0 levels, F0 peaks, 
and F0 rises to identify stressed syllables– indirectly by way of the perception 
of pitch accents (Fry 1958).  Ladd (2012) shows this point nicely with variants 
of a single word: 
(2) 
       
 a. P E R m i t  (noun) b. p e r M I T   (verb)
    
 c. P E R m i t?  (noun) d. p e r M I T?  (verb)
Ladd (2012), pp.49-50
The words in (2) are all the same word permit, but are different in its pitch ac-
cent type (fall in 2a and 2b; rise in 2c and 2d) and in its lexical category (noun or 
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verb) depending on the stress position.  The capital letters represent stressed 
syllables and the contours express F0 patterns.  What is crucial here is that a 
change of F0 direction cues the stressed syllables in these words.  When the 
pitch accent is a falling tone as in (2a) and (2b), the stressed syllable is signaled 
by the onset of F0 fall while it is signaled by the onset of F0 rise when the pitch 
accent is a rising tone as in (2c) and (2d).  Thus, in English, the stressed syllable 
of a word is identifiable by perceiving the pitch accent pattern assigned to it.
1.2  Perception of English lexical stress by Japanese listeners
Japanese is a pitch accent language in which the accent of a word is acoustically 
signaled solely by F0.  An accented word in this language has a falling F0 con-
tour from the accented mora, which is associated to a H tone, to the unaccented 
mora that follows it, which is associated to a L tone.  Examples are shown in (3). 
The two words here are both accented, in which taberu ‘eat’ in (3a) is accented 
on the second mora and hukurahagi ‘calf’ in (3b) on the third mora.  Accord-
ingly, the F0 contour for each of the words shows a peak on the accented mora 




 a. ta be ru  ‘eat’ b. hu ku ra ha gi  ‘calf’
   |    |    |    |     |    |    |    |
  L  H  L   L   H  H  L  L
Since the Japanese word prosodic system employs F0 only, there is no won-
der when Japanese listeners rely heavily on F0 in perceiving English lexical 
stress.  To be precise, it is known that Japanese listeners primarily use F0 fall 
to identity stressed syllables in English (Beckman 1986, Sugahara 2011).  Note 
that Japanese employs duration as well, but it is used segmentally to distinguish 
short from long vowels and not from accented from unaccented moras. 
This study starts with the crucial assumption that Japanese listeners identi-
fy English stressed syllables based on F0 fall.  If it is the case, they are expected 
to have difficulties perceiving English stress when it is signaled by F0 rise, as in 
　90 Takahito Shinya and Ginka Kato
(2c) and (2d).  To see if this expectation holds, this study addresses the follow-
ing two research questions:
(4) 1.  How do Japanese listeners identify stressed syllables in English when 
they are signaled by rising intonation?
 2.  Can Japanese listeners use durational information to identify English 
stressed syllables under rising intonation?
The motivation of the second question comes from the conception that Japanese 
listeners might be able to use the kind of perceptual cue they do not normally 
use prosodically to identify prominent syllables, i.e. duration in this case.  To 
answer the two research questions, we carried out a perceptual experiment, 
which is reported in the following sections. 
2.  Experiment
2.1  Participants
Twenty-two Japanese learners of English, aged 19-20, participated in the experi-
ment. They were all female students majoring English language and literature at 
a university in central Tokyo.  No one had any hearing impairment.  They were 
recruited from a linguistics course they attended.  Most of them started learn-
ing English in school at the age of 13 (some of them started earlier than that in 
private lessons).  Their English proficiency was in the range of elementary to 
lower-intermediate (approximately A2 in CFER).
2.2  Stimuli
The stimuli for the perceptual experiment were different renditions of the trisyl-
labic iterative nonword mamama, stressed on each of the syllables in falling and 
rising intonation.  The experimental nonwords were produced by one of the 
authors of this paper, a male speaker of Japanese in his forties, who was a gradu-
ate of a university in the US and was highly proficient in English2 The produced 
iterative nonwords have the following six patterns:  Each of the six nonwords 
were recorded three times, but those recorded in the first take were used unless 
there were any issues such as unnaturalness.
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Table 1.   The six patterns of the experimental nonwords. Stressed syllables are 
shown in capitals.
Fall Rise
Stress 1  Stress 2  Stress 3 Stress 1  Stress 2  Stress 3
MAmama maMAma mamaMA MAmama maMAma mamaMA
The F0 tracks of representative stimuli are shown in Figures 1 (fall) and 2 
(rise) with the use of Praat (Boesma & Weenink 2018).  As can be seen in all of 
the F0 tracks, F0 starts to fall or rise within the stressed syllables.  Note that the 
F0 fall within the vowel of the third syllable in Figure 2b is the result of “pitch-
halving,” a miscalculation of the autocorrelation algorithm built in Praat and 
that it was auditorily perceived with a continuous rise. 
a. MAmama b. maMAma
c. mamaMA
Figure 1.   The F0 tracks of representative renditions of the experimental words with 
falling intonation.
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For intensity, the stressed syllable of an experimental nonword should 
have higher intensity than the unstressed syllables in the same words.  Figure 
3 shows the intensity of each of the syllables in the six experimental nonwords. 
When the F0 contour is falling, the intensity of the stressed syllables is signifi-
cantly greater than that of the unstressed syllables.  When it is rising, however, 
the differences in intensity between the stressed and unstressed syllables is not 
as large as those in the experimental nonwords under falling intonation, with the 
exception of the case in which the third syllable is stressed. 
The vowel quality of the experimental nonwords was also examined.  Since 
the experiment did not test the effect of vowel quality on stress perception, we 
needed to control it by keeping it constant.  Figure 4 shows a plot of F1 against 
F2-F1 difference values for all of the 18 vowels in the experimental nonwords, 
a. MAmama b. maMAma
c. mamaMA
Figure 2.   The F0 tracks of representative renditions of the experimental words with 
rising intonation.
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with the frequency values for the American vowels /ɑ/ and /ʌ/ reported in 
Hillenbrand et al. (1995).  Since the experimental nonwords were produced by 
a Japanese speaker rather than an English speaker, formant frequency values 
were checked to see whether they were different from those of the vowels from 
Hillenbrand et al. (1995) and whether the unstressed vowels were reduced com-
pared to the stressed ones.  Looking at the formant frequencies in Figure 4 
reveals that the vowels in the experimental nonwords were located somewhere 
between Hillenbrand et al.’s (1995) /ɑ/ and /ʌ/ and that they were not reduced 
when they were unstressed, which was felicitous in the experiment because we 
can ignare the effect of vowel reduction when considering the results.
Figure 3.   Intensity of each of the syllables in the experimental nonwords. “s1”, “s2” and 
“s3” are short for “syllable 1”, “syllable 2” and “syllable 3”, respectively, and 
“Stress 1”, “Stress 2” and “Stress 3” represent stressed syllable positions. 
The black bars show stressed syllables.
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In order to study the effect of duration in Japanese listeners’ perception of 
English stress, two different kinds of durational manipulation were performed 
on the experimental nonwords.  One of them involved a manipulation in which 
all of the three syllables in an experimental nonword were changed to have 
the same duration proportion (= 33%).  We call this the “Even” condition.  In 
the other manipulation, the stressed syllable of an experimental nonword was 
lengthened 15% longer than the original duration, and the other syllables were 
adjusted so the overall word duration was the same as the original. This con-
dition is named the “Long” condition. Together with the “Original” condition 
where no manipulation was made, we had three experimental conditions (Origi-
nal, Even and Long). Overall, the number of distinct stimuli was 18 (3 stressed 
syllable positions x 2 intonation contours x 3 durational conditions). 
2.3  Procedure
The experimental stimuli were presented to the 22 listeners in a classroom, 
Figure 4.   The formant frequencies of the 18 syllables of the experimental nonwords 
plotted in an F1 against the F2-F1 plane, with the values for /ɑ/ and 
/ʌ/ from Hillenbrand et al. (1995) as the reference vowels.  Circles 
(●) represent stressed vowels, triangles (▲) unstressed vowels, and 
squares (■) the reference vowels from Hillenbrand et al. (1995). 
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where each sat behind a computer terminal with a headset.  Each of the 18 
stimuli was presented four times with random orders. Thus, the total number of 
stimuli presented to the listeners was 72 (18 stimuli x 4 repetitions).  The listen-
ers were asked to answer which syllable was stressed for each of the stimuli 
by clicking one of the three little boxes on the computer screen labelled “1st”, 
“2nd” and “3rd”.  The Praat MFC program was used for the presentation of the 
stimuli.  It took about 20 minutes to carry out the experiment, including the 
instructions.
2.4  Results
The mean correct response rates for each of the experimental stimuli are shown 
in Figure 5.  Three observations can be made from this data.  First, the overall 
correct rates are greater in falling contour (Figure 5a) than in rising contour 
(Figure 5b), indicating that the Japanese listeners relied heavily on F0 fall for the 
identification of English stress and that they had difficulty identifying stressed 
syllables in rising intonation.  Second, the same pattern does not seem to be 
observed when the third syllable is stressed, in which the difference between 
fall and rise is not as large as when the first or the second syllable is stressed. 
Finally, we can see that when stress is on the third syllable, the mean correct 
rates in the Even condition are conspicuously lower than those in the Original 
and the Long conditions. 
Figure 5.   Means of the correct response rates. Error bars represent standard deviation. 
(Orig = Original)
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To evaluate the observations made above, a three-way repeated-measures 
ANOVA was carried out with Tone (fall, rise), Stress (1st, 2nd, 3rd), Duration 
(Original, Even, Long) as the independent variables and correct response rate 
as the dependent variable.  The results are shown in Table 2.  A significant 
result was found in the main effects of Tone and Duration and the interactions 
between Tone and Stress and between Stress and Duration. 
Table 2.  Results of the three-way repeated-measures ANOVA.
Tone F (1, 21) = 26.93 p <.001＊
Stress F (1.35, 28.30) = 2.58 p =.088
Duration F (2, 42) = 12.26 p <.001＊
Tone＊Stress F (1.48, 31.02) = 24.27 p <.001＊
Tone＊Duration F (2, 42) = 1.81 p =.176
Stress＊Duration F (4, 84) = 5.36 p <.001＊
Tone＊Stress＊Duration F (4, 84) = 1.49 p =.214
Now let us interpret the significant results with the help of several post-hoc 
comparison tests.3  The significant main effect of Tone indicates that the lis-
teners identified stressed syllables more correctly in falling F0 contour than 
in rising.  The significant main effect of Duration comes from the significantly 
lower correct rates in the Even condition than in the Long and the Original 
conditions.  This point becomes more evident when the mean correct response 
rates for the three durational conditions are compared with the data collapsed 
over Tone and Stress, as shown in Figure 6.  Post-hoc t-tests showed that the 
correct response rates in the Even condition were significantly smaller than 
those in the Original and the Long conditions, respectively (Original vs. Even: 
t(130)=4.64, p<.001, Long vs. Even: t(130)=4.96, p<.001), but the difference was 
not significant between the Original and the Long conditions (Original vs. Long: 
t(130)=0.60, p<.28).  These results indicate that syllables need to be long enough 
for Japanese listeners to perceive them as stressed.  The results also suggest 
that they can use duration as a perceptual cue for English stress, at least to some 
extent.
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Let us next consider the inter-
action between Tone and Stress. 
Figure 7 shows the mean correct 
response rates for the Fall and 
the Rise conditions in each of the 
three stress conditions, collapsed 
over Duration.  As is readily seen 
in the figure, response rates are 
greater in the Fall condition than 
in the Rise condition when lexical 
stress falls on either the first or the 
second syllable (Fall-Stress1 vs. 
Rise-Stress1: t(65) = 8.67, p <.001, 
Fall-Stress2 vs. Rise-Stress2 t(65) 
= 7.82, p <.001), but difference dis-
appears when the third syllable is 
stressed (Fall-Stress3 vs. Rise-Stress3 t(65) = -0.53, p =.30).  We can say that 
Japanese listeners lost the advantage of F0 fall when identifying English stress 
at the word-final position. 
Figure 6.   Mean correct response rate for 
the Original, Even and Long 
conditions, with Tone and 
Stress collapsed. The error bars 
represent standard deviation. 
(Orig = Original)
Figure 7.   Mean response rates for the Fall and Rise conditions in 
each of the stress conditions, collapsed over Duration.  
The error bars represent standard deviation.
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Let us now consider the interaction between Stress and Duration.  Figure 
8 shows differences in mean correct response rate for the Original, Even and 
Long conditions in each of the stress conditions, collapsed over Tone.  A close 
look at the data shows that when the third syllable is stressed, the mean cor-
rect response rate in the Even condition is significantly lower than those in the 
other two conditions.  However, the response rates for the Even condition in the 
other two stress conditions are not widely different from those in the respective 
Original and Long conditions.  To confirm these observations, three planned 
contrast t-tests were carried out to compare the mean correct response rate in 
the Even condition with the mean of the response rates for the Original and the 
Long conditions in each of the stress conditions.  The results showed that only 
the planned contrast in the Stress 3 condition was statistically significant while 
the other contrasts were not (Stress 1: t(44)=1.86, p=.035, Stress 2: t(44)=2.29, 
p<.013, Stress 3: t(44)=4.81, p<.001).  These results suggest that Japanese listen-
ers were more sensitive 
to duration information in 
stress perception at the 
word-final position.
One may wonder in 
what ways the listeners 
answered when their re-
sponses were incorrect. 
In order to answer this 
question, we examined the 
incorrect responses.  Fig-
ures 9 shows the distribu-
tion of all of the listeners’ 
responses in each of the 
tone types, the stress posi-
tions, and the durational conditions.  Compare Figures 9a, 9c and 9e with Figures 
9b, 9d and 9f, respectively.  When the experimental nonwords were presented in 
falling F0 contour (Figures 9a, 9c and 9e), listeners responded correctly most of 
Figure 8.   Mean correct response rates for the three 
durational conditions in the three stress 
conditions. The error bars represent 
standard deviation. (Orig = Original)
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the time.  That is, their answers dominantly conformed to the intended stress pat-
terns.  However, when the experimental stimuli were presented in rising F0 con-
tour (Figures 9b, 9d and 9f), listeners’ responses spread out over the three pos-
sible answers, confirming the difficulties the listeners had in identifying English 
lexical stress under rising intonation.  This trend was particularly conspicuous 
when the stimuli had stress on the first or the second syllable (Figures 9b and 
9d).  We can see that many of the Stress 3 responses in these two graphs, which 
indicates that the listeners were biased toward final stress when they heard lexi-
cal stress with rising F0 contour.
Figure 9.   The distribution of the mean responses for all of the tone types, stress 
positions, and durational conditions. Error bars show standard deviation. 
(Orig = Original)
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To sum up the findings of the experiment, we found that the Japanese lis-
teners had difficulties identifying English lexical stress when it was cued by 
F0 rise.  However, the advantage of F0 fall over F0 rise on the identification 
of English stress disappeared at the word-final position.  Moreover, although 
duration does not play a role in the prosodic structure of Japanese, the experi-
ment showed that the Japanese listeners used durational information to facili-
tate stress identification.  Note, however, that they made use of this cue only at 
the word-final position.  An analysis of the incorrect responses revealed that the 
listeners were biased toward word-final stress when stress was realized with 
rising F0 contour.
3.  Discussion
In this section, we discuss the following three issues discovered in the experi-
ment: (1) Japanese listeners’ perceptual difficulty of English lexical stress real-
ized with rising intonation, (2) the availability of durational information at the 
word-final position, and (3) Japanese listeners’ bias toward word-final stress in 
rising F0 contour. 
First, let us consider why English stress perception was difficult for Japa-
nese listeners when it was manifested with rising F0 contour.  In Japanese, F0 
fall is the only cue for pitch accent (Pierrehumbert and Beckman 1988, Vance 
1987).  Since Japanese pitch accent and English lexical stress are functionally 
identical with respect to word-level prominence, it is likely that the Japanese 
listeners heavily relied on F0 fall when they tried to identify stressed syllables 
in English in the experiment.  However, a problem arises when English stress 
is realized with rising F0 contour.  The perceptual transfer that they could make 
use of does not work when stress is realized with rising intonation, where it is 
acoustically signaled by F0 rise instead of F0 fall.  Lacking the only perceptual 
cue for stress identification, the correct response rates were significantly lower 
in the Rise condition than in the Fall condition.
Second, why could the listeners use durational information at the word-fi-
nal position?  As we have seen in Figure 7, we found a statistically significant dif-
ference in correct response rate between the Fall and the Rise conditions when 
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the experimental stimuli had stress on the first or the second syllable.  However, 
there was no difference when stress was on the last syllable.  In other words, the 
advantage of F0 fall on stress perception disappeared in the third syllable.  Why 
did that happen?  We suggest that in Japanese listeners’ sensitivity to durational 
information increases at the word-final position, which led them to be able to 
detect the lengthened stressed syllables at this position.  The word-final posi-
tion, or the intonational phrase-final position, is important in Japanese in that it 
is the place where various intonational meanings are expressed.  Intonational 
meaning cannot primarily be expressed at non-final positions because words’ F0 
patterns are fixed based on their lexically specified accent types.  The final posi-
tion is the only place where speakers manipulate F0, free from the constraints 
of pitch accent.4  Various intonational meanings are expressed with F0 contours 
with varying duration and directions, and in order to be able to perceive those 
meanings, Japanese listeners’ sensitivity to durational information needs to be 
higher at the final position. 
Finally, let us move on to the issue of why the bias toward final stress was 
observed in the experiment.  Here we suggest two possibilities.  One of the 
possibilities is that when F0 fall is unavailable, Japanese listeners may try their 
best and associate the syllable with the highest F0 with stress.  The other pos-
sibility is that some top-down perceptual effect maybe at play.  It is known that 
there is a distributional skew in the Japanese lexicon such that 61% of nouns 
(loanwords excluded) are unaccented (Kubozono 2006).  The pitch pattern of 
a trisyllabic unaccented word is LHH, which resembles the pitch pattern of an 
English word with antepenultimate or penultimate stress produced with rising 
intonation.  Which possibility is on the right track remains to be inrestigated in 
further research.
4.  Conclusion
This paper investigated how Japanese learners of English perceive English lexi-
cal stress under rising intonation and how they can use durational information 
in perceiving it.  We demonstrated that Japanese listeners had difficulties iden-
tifying the stressed syllables of English words when the words were presented 
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in rising intonation.  We also showed that durational modification affected the 
listeners’ identification of English stress, but the effect was seen only at the 
word-final position.  The lower sensitivity to duration at non-final positions im-
plies that the listeners’ use of durational information upon stress perception is 
limited.  We suggested that this increased sensitivity for stress perception at the 
word-final position could be explained by a perceptual association of high F0 
with stress or a distributional skew on Japanese accentual pattern observed in 
the Japanese lexicon. 
For further investigation, it is necessary to replicate the results of the ex-
periment with stimuli produced by a native speaker of English.  The fact that the 
current experiment used a native Japanese speaker as the speaker of the stim-
uli might have affected the results of the experiment in unexpected ways. The 
acoustic properties of the experimental nonwords other than F0, such as dura-
tion and intensity could be different if an English speaker produced them.  We 
hope that future examination will further our understanding of English stress 
perception by Japanese listeners.
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(Endnotes)
1 Here a vowel is ‘peripheral’ when its first and second formant values are plotted 
close to the boundary of an acoustic vowel space (e.g. Ladefoged and Johnson 
2011). 
2 Of course, it would have been ideal to have a native speaker of English as the 
speaker of the recording, which means that this study is a pilot one. 
3 We ended up with performing nine post-hoc comparisons and the alpha level was 
set at .0056 (.05/9) by Bonferroni corrections. 
4 Note also that Japanese is a language where speakers cannot vary vowel duration 
freely since vowel length is segmentally contrastive in the language.  Since it takes 
more time for complex intonational contours to be realized at the final position, 
this segmental restriction on duration has to be compromised in order to express 
different intonational meanings using various F0 movements. 
